INTRODUCTION
The CuIn 1 -x Ga x Se 2 (CIGS) semiconductors are used as the absorbing layer in solar cells. Thin film devices based on them are leaders in the efficiency (20%) of solar energy transformation, operation sta bility, and radiation resistance [1, 2] . A great deal of attention is now being given to measuring the size of the energy gap using optical absorption or reflection spectra [3, 4] . Among theoretical calculations, those in which CIGS electron structure was studied accord ing to zone were outstanding [5] . The problem is find ing how this gap is formed and what has to be done to change it. How do we lower the recombination of elec trons and holes generated by light? To answer this question, we must first know the distribution of elec tron states not only at the top of the valence band but throughout its depth.
The need to perform comprehensive studies of the electron structure of these compounds is beyond ques tion, since it creates all of the necessary prerequisites for a detailed analysis of the formation of optical prop erties. The main factor constraining such investiga tions is the difficulty of preparing a perfect surface of samples; this is absolutely necessary since electrons emit only from a limited number of atomic layers. We can overcome this difficulty by using photoemission in the hard X ray range (3-8 keV) , where the depth of electron output reaches ten unit cells [6] . Another possibility is to prepare films directly before measur ing, which is how angle resolved photoemission spec tra of CuInSe 2 were obtained in [7] .
In this work, X ray photoemission spectra (XPS) were obtained using synchrotron radiation with pho ton energies that varied from 50 to 1200 eV. The energy resolution of the device was 0.1 eV. Our perfect work ing surface was prepared by cleaving single crystal samples directly in the ultra high vacuum chamber of a spectrometer.
ORDER AND DISORDER OF INDIUM AND GALLIUM XP spectra (intensity I of photoelectron output as a function of bond energy E) of the valence bands of the CuIn 1 -x Ga x Se 2 system were obtained for different concentrations of gallium х = 0, 0.05, 0.1, 0.25, 0.5, and 1 at two photon energies, 600 and 120 eV. A fea ture of these spectra is the presence of a narrow Ga 3d band (bond energy, 19.5 eV) and double In 4d band (17.5 and 18.5 eV); their intensities are directly deter mined by the oncentrations of the components. The valence bands of all the compounds are nearly identi cal; they resemble the CuInSe 2 spectra presented in Fig. 1 . The CuGaSe 2 spectrum has a higher arm at bond energy Е = 1 eV and a more extended and pow erful peak at 7.5 eV. The fine structure of compounds with х = 0.05 and 0.1 is blurred, compared to com pounds of 0.25 and 0.5. This is a consequence of dis ordering in the alternation of Ga and In atoms at small concentrations and their ordering beginning with х = 0.25.
PHOTOIONIZATION CROSS SECTIONS
We studied the dependence of XP spectra on pho ton energy hν. Figure 1 shows shows that integral ionization cross sections in the crystal are described quite well by cross sections calcu lated for free atoms. Note the dependence of the shape of valence band spectra on the excitation energy. The spectrum obtained at 100 eV has a single maximum; the XP spectrum taken at 600 eV has two peaks. This difference is due to different energy dependences of the ionization cross sections for copper and selenium atoms. We use this below to determine the partial den sities of states.
RESONANCE: THE TWO HOLE STATE
Let us consider the behavior of the XP spectrum upon crossing the excitation threshold of the 2р level of copper. X ray absorption at the threshold increases by 20% (see the L 23 absorption spectrum of Cu in Fig. 2a) . A photon transforms a 2р electron into an unoccupied state with energy E*. Additional scatter ing channels are generated by the 2p hole that simulta neously appears. An excited electron can return to the initial 2р state. The energy that is released is trans ferred to a valence electron that is undistinguishable from the valence electron that absorbed the photon. The total intensity in this case is determined from the square of the sum of the amplitudes of two transitions.
This amplifies the XP spectrum of the valence band at the resonance frequency [8, 9] . In the second channel, a 2p hole is filled with a valence electron and the energy is transferred to a second valence electron that is detected as a photoelectron. The final state of the photoemission process contains two holes in the valence band, preferably on one copper atom (the wave functions in the Auger transition must overlap).
We write the energy conservation law in the final state:
(1) where is the valence state energy. If excitation occurs with conservation of energy (which is not necessary for the nonstationary interme diate state), we obtain the following equality for the photoelectron kinetic energy:
(2) If the system has a long lived localized excited state (a trap), the photoelectron energy is determined by the energies of a photon and an additional electron-hole pair:
(3) To know which scenario is observed in our objects, let us consider the XP spectra. Note that the valence band spectra (in the interval of 0-10 eV) respond little to a change in photon energy; for this reason, only the part of bond energies of 10-35 eV is shown in Fig. 2 
